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binding to specific Fc7yR and FcER present on the cell surface (3, 4) . However, IgA is the most abundant Ig isotype in the secretions (5) where eosinophils carry out many of their effector functions. It has been shown that IgA can bind to eosinophils (6, 7) , which suggests they may possess IgA receptor(s), but FcaR on eosinophils has not been identified and characterized.
An FcaR on monocyte/macrophages and granulocytes has been defined as a variably glycosylated protein of 55-75 kD (8, 9 ) that can bind IgA I and IgA2 antibodies via their Fc regions (9, 10) . The open reading frame of the recently identified FcaR gene encodes a transmembrane protein of approximately 30 kD, which has six potential sites for N-linked glycosylation in its extracellular region ( 11) . The selective expression of FcaR by myeloid lineage cells has been confirmed by analysis of FcaR mRNA expression ( 11 ) and FcaR molecules identified by monoclonal antibodies specific for native and recombinant FcaR protein (12) (13) (14) .
In this report, we have used the natural IgA ligand and anti-FcaR mAbs to analyze the expression, regulation, and biochemical nature of FcaR on eosinophils. FcaR molecules were detected on eosinophils from all normal individuals following in vitro activation, whereas fresh eosinophils from allergic individuals frequently expressed FcaR. The FcaR molecules expressed by eosinophils differ from those on neutrophils and macrophages in that the former have a higher content of Nlinked carbohydrate moieties.
Methods
Subjects. Heparinized blood samples were obtained from 45 adult individuals (27 male and 18 female). 22 had severe symptoms of allergic rhinitis and/or asthma. These allergic individuals were further selected on the basis of acute wheal and flare reactions in response to two or more allergens when tested by the prick method with extracts of house dust mite, grass pollen, ragweed pollen, tree pollen, and animal danders ( 15) . The other 23 individuals had no history of allergy and were skintest negative. None of the allergic subjects had received systemic corticosteroids or other medication at the time of blood collection.
Reagents. The following mouse antibodies were used: A3 (-YIK) by the lactoperoxidase method (23) . After washing, cells were lysed in I ml of 0.5% NP-40 in PBS containing 0.02% sodium azide, 1% aprotinin, 1 mM diisopropylfluorophosphate, 5 mM iodoacetamide, and 1 mM PMSF (9, 13) . Cell lysates were cleared by four separate incubations with 20,ug ofan isotype-matched control mAb (JH3) plus 30 M1 of goat anti-mouse Ig antibody-coupled Sepharose 4B beads (3 mg/ml packed beads) for 2-4 h at 4°C with constant rotation, and by two additional incubations with the anti-mouse Ig-coupled beads only. The absorbed lysates were divided into three aliquots that were incubated with control (JH3) or test (A59 or A62) mAb in the presence of 3 ,l of anti-mouse Ig-coupled beads for 4 h at 4°C with constant rotation. After washing extensively with lysis buffer, bound materials were dissociated by addition of 0.5% SDS-0. 1 M 2-mercaptoethanol and subjected to N-glycanase digestion as described (9) . Digested and undigested materials were resolved by SDS-PAGE analysis (24) using 10% acrylamide. Molecular weight markers were purchased from Bio-Rad Laboratories (Richmond, CA).
Statistical analysis. The results were analyzed with the independent sample two-tailed Student's t test, and evaluation for correlation was conducted by linear regression analysis.
Results
Expression ofFceaR on eosinophils from normal and allergic individuals. The eosinophil population was discriminated from the neutrophil population by differences in forward light scatter and side light scatter characteristics determined by flow cytometric analysis (21, 22) . A forward-side scatter population distinct from neutrophils was first observed when eosinophils were partially purified on metrizamide gradients. Sorting for this population resulted in an enrichment in eosinophils to > 98% purity as determined by microscopic evaluation of stained cells. These forward-side scatter characteristics were then used to establish analytical gates for immunofluorescence analysis of eosinophils and neutrophils. The eosinophils were also distinguishable from neutrophils by their lack of or relatively weak expression of cell surface CD10, CD 14, CD 15, CD 16, and CD64 antigens, whereas both cell types expressed CDw32 and CD1 lb antigens.
To evaluate FcaR expression on blood granulocyte subpopulations, purified eosinophils and the purified neutrophils were examined for binding to either the polymeric IgA ligand or the anti-FcaR mAbs by indirect immunofluorescence. Whereas the eosinophils from an allergic individual expressed easily detectable levels of IgA binding and reactivity with the A59, A3, A62, and A77 anti-FcaR mAb, the eosinophils from a normal individual were noticeably less reactive in both assays (Fig. 1) . The level of FcaR expression on normal eosinophils was approximately 10-fold lower than on neutrophils as estimated by mean fluorescence intensities (1.3±1.0 vs. 13±5; Fig. 2 ).
Because the FcaR was more easily identified on eosinophils from an allergic individual, a comparative analysis of antiFcaR and anti-FcyR reactivity was performed using eosino- phils and neutrophils from both allergic and normal individuals (Fig. 2) . Anti-FcaR mAb reactivity was significantly increased (P < 0.001 ) for eosinophils from 22 allergic individuals (2.9±1.9) as compared with eosinophils from 23 normal individuals (1.3±1.0). FcyRIII expression was also higher on eosinophils from allergic individuals (P < 0.002), albeit at low levels relative to that on neutrophils (Fig. 2) . In contrast, FcoyRII expression was similar for both cell types in normal and allergic individuals. Levels of IgA, IgG, and IgM were found to be in the normal range for all of the allergic individuals (data not shown), whereas increased IgE levels of > 100 ,g/ml were found in more than half of the allergic individuals ( 12/22) phils to cytokine combinations, such as IL-3, IL-5, and GM-CSF, which have been shown to induce eosinophilic differentiation (25) . FcaR expression reactivity was also unaffected when normal eosinophils were cultured in serum from allergic individuals.
Biochemical nature ofeosinophil FcaR molecules. Eosinophils highly purified (> 99.5% pure) by fluorescence-activated cell sorting were used for these studies in order to avoid neutrophil contamination, since the neutrophils express relatively high levels of FcaR molecules. Eosinophils in sufficient numbers (-4 x 106) were obtained using blood samples from allergic individuals for high numbers of blood eosinophils expressing relatively high FcaR levels. When iodinated cell surface proteins from the eosinophils were immunoprecipitated with A59 and A62 mAb, a broad 70-100-kD band could be identified (Fig. 5, lanes 9 and 11) whereas FcaR molecules isolated from neutrophils had a molecular mass of 55-75 kD (lanes 3 and 5) . Removal of N-linked carbohydrate moieties from the FcaR molecules on eosinophils yielded the same major 32-kD protein core as that found on neutrophils (lanes 10 and 12 vs. lanes 4 and 6), whereas the minor 36-kD protein band seen in neutrophils was not observed in the N-glycanasetreated lysates of eosinophils. This result was confirmed using eosinophils from five other allergic individuals.
Discussion
The results of this study confirm that eosinophils c (6, 7) , and demonstrate their expression of Fco lower levels than on neutrophils. Eosinophil e: (28) and, in preliminary immunoprecipitations of surface molecules from eosinophil preparations obtained by metrizamide gradients, we also identified FcaR with *~molecular masses of 55-75 kD. In our studies, however, these FcaR molecules were found to originate from contaminating neutrophils (5-10%), which express relatively high levels of FcaR, and more rigorous eosinophil purification led to elimination ofthe 55-75-kD FcaR and its replacement by the 70-100-i)sinophils and kD FcaR form.
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